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11 August 1965

MEMORANDUM FOR: Mr. Kirkpatrick
Planning Group

SUBJECT: ' Figures for the First Five Years

1. BPAM, having examined the Directorate submissions for
the first five years, reports that the lack of comparability of the presentation
makés almost impossible a homogeneous summarization by function.
2, In reviewing the needs of the Director in looking at the
Plan, it is proposed that BPAM be directed as follows:
a. Prepare a summary of five year-by-year totals
Aby Directorate;
) b, Bring together figures bearing upon major
items as specified by the Planning Groeup. Some of these
" have been identified such as ADP and analysis, overhead

\ rec:ormamsamce:g commumcatwnsg el:c°

.rectorates to pull out the relevant figures by subject. It is proposed
that the assignment be made as soon as the subjects have been identified,

hopefully by 18 August,
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But Is the Teacher

My subject is the conncction be-
tween the university, particularly the
scientific university, and society. Inso-
far as this connection affects the uni-
versity’s interests and its manner and
style of teaching, I am concerned
with the question, “But is the teacher
also a citizen?” The tensions and con-
tradictions 1 sec in the relation be-
tween the modern scientific university
and socicty are much the same as

those described by others, but I de-

scribe them in a slightly different lan-
guage, a language that comes from
my own nonuniversity world.

Perhaps 1 should explain what this
language is. I come from a large gov-
ernment laboratory. The laboratory is
organized into 16 scicntific divisions,
cach of which is concerned with a
particular scientific discipline—that is,
cach is “disciplinc-oriented.” But the
primary purpose of the laboratory is
to accomplish applied missions—de-
safting ¢ sea economically, or pro-
v+ 'iny . incxhaustible, cheap, energy
-ouree, or alleviating radiation disease.

The author is director of Oak Ridge National
Laboratory, Oak Ridge, Tennessee. This article
is based on a paper presented at the scssion
“Whither the university?"” of the Purdue Univer-
sity Symposium on Science and Public Policy, 14
April 1965, and as one of a scries of lectures on
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Also a Citizen?

Alvin M. Weinberg

The laboratory as a whole is “mission-
oriented.” Thus our laboratory, like so
many other institutions, has a dual
structure—organizationally it is “dis-
cipline-oriented™; functionally it is “mis-
sion-oriented.” To accomplish each mis-
sion we establish projects which cross
divisional, disciplinary lines. A large
project can involve a dozen divisions.
This  “mission-discipline duality” s
evident in many social structures, not
only in large laboratories. I see the
relations between the university and
society in terms of this duality.

The Mission-Discipline Duality

Our society is “mission-oriented.” Its
mission is resolution of problems aris-
ing from social, technicul, and psycho-
logical conflicts and pressures. Since
these problems are not generated with-
in any single intellectual dJiscipline,
their resolution is not to be found
within a single discipline. Society’s stan-
dards of achievement are set pragmati-
cally: what works is excellent, whether
or not it falls into 2 neatly classified
discipline. In society the nonspecialist
and synthesizer is King.
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sum of the viewpoints of the separate,
traditional disciplines that constitute it.
The problems it deals with are, by and
large. problems generated and solved
within the disciplines themselves. lts
standards of excellence are set by and
within the disciplines. What deepens
our understanding of a discipline is
excellent. In the university the special-
ist and analyst is king.

The structure of the discipline-orient-
ed university and the structure of the
mission-oriented society tend to he in-
congruent. Moreover, as the disciplines
making up the university become more
complex and elaborate in response to
their own internal logic, the. discrep-
ancy between the university and so-
ciety grows. The university becomes
more remote: its connection with so-
ciety weakens: ultimately it could be-
come irrclevant. The growth of this
discrepancy appears to me to be a
central problem in the relation between

" the university and society. It poses ma-

jor difficulties for the university pro-
fessor, especially in the natural sci-
ences, who views his responsibility as
a citizen broadly.

Harvey Brooks, dean of engineering
and applied physics at Harvard Uni-
versity, put the matter with his usual
incisiveness (/):

The . . . issue is the relationship between
science and technology in education. The
original concept of an engineering school,
as of a medical school, was an associution
of practitioners who used the benefit of
their varied experience to teach young
people. This tradition is somewhat main-
tained to this day in the field of archi-
tecture, but in both medicine and engincer-
ing the importance of the underlying sci-
ences has become so great that medical
and engineering faculties are increasingly
populated with basic scientists who do
research or teaching in sciences which
are relevant to but by no means identical
with the practice of medicine or engincer-
ing. The old form of teaching primarily
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found wanting because practical knowl-
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Louid nat be fully #bsorbed or appreciated
ov sue mature practitioner. Yet in the
process something of the spirit and at-
titude of the skilled practitioner was lost,
particuiuriy fis willingness to deal with
problems whole rother than in terms of
the individua! contributing disciplines. . . .
in medicine this problem has been par-
vally met by the teaching hospital, but in
cagineering the analog of the tcaching
hospital is the bhig engincering develop-
ment laboratory in industry. How, then,
s the spivit of apolied science and engi-
acering to be rcinined in engincering edu-
cation? The intellectual foundations of
engineering lie increasingly in the basic
sciences: inevitably engincering faculties
will conmain lurge numbers of pcople
whose way of thinking iz more akin to
that of the scientist than the engineer.
[t is these people who will develop many
of the techniques which will be used by
the engincer of the future. And it is their
knowledge. not that of the current en-
gincer. which the student will be using
ten years from now. The reconciliation
of these two accessary attitudes of mind
in the process of engineering education is
the central difemma of the field today.

The Trend toward Purity

Though Brooks’s critique is directed
mainly at the cnginecring school, what
he says has wider refevance. The uni-
versity’s  disciplinary  vicwpoint  and
even organization create many  points
of tension between the university and
the society in which it is embedded.

One is the tendency toward increas-
ing purity, cspecially in the sciences
and most notably in mathematics. 1
would measure “purity” of a branch
of science by the degree to which the
phenomensa studied are of intrinsic in-
terest to that science or are of ex-
trinsic interest. In the first instance the
science is more pure: in the second,
where the motivation is to understand
phenomena  which  lic  outside the
branch, the science is less pure. Thus
I would divide science into “pure” or
intrinsically motivated, and “applied”
or, more broadly, extrinsically moti-
vated. For example, applied science (in
the usual sense of the term) seeks to
clarify some aspect of, say. engincer-
ing or medicine: we study the chemis-
try of molten fluorides at Oak Ridge
because we wish to build a reactor
that uscs molten fluorides; or we study
certain viruses because these viruses are
implicated in certain kinds of leukemia.

Extrinsically motivated science also
includes those sciences that are pursuea

in order to deepen our undﬁf tanding
of some other br2RJArQ¥Ye
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nuclear physics that are studied pri-
marily to elucidate the origin of the
elements rather than the structure of
the nucleus would, in my usage, be
termed “extrinsically motivated.” On
the other hand, the study of elemen-
tary particles, originally motivated by
our desire to understand the nuclear
force, now develops with a logic and
urgency of its own dictated by the in-
trinsic interest and beauty of the
phenomena occurring at very high
energy. I would therefore call elemen-
tary particle physics “pure.” Of course
it is in the nature of “pure” science
that the light it eventually will shed
on other branches of science or tech-
nology is to some degree unpredictable;
vet at any given time T believe one
can often make a judgment of relevance
on the basis of the motivation of those
practicing the science. Thus, many nu-
clear physicists who measure capture
cross scctions make no bones about
their primary motivation—it is to help
the astrophysicist understand stellar
nucleosynthesis better, rather than to
help themselves understand the nucleus
better.

At its inception nearly every science
is extrinsically motivated—that is, it
seeks to explain questions that were
originally part of some other branch
of human interest, usually, though by
no means always, some practical mat-
ter. Mathematics originated because
men had to measure, weigh, and count
to -maintain an organized economic
system. The study of thermodynamics
started from Carnot’s interest in steam
engines. Pasteur’s science of bacteriolo-
gy began when he tried to prevent

French beer and wine manufacturers’”

products from turning sour. Group
theory was invented by Galois as a
means of studying the properties of
algebraic equations. So to speak, nearly
every “pure” science starts as an “ap-
plied,” or at least as an extrinsically
motivated, science. ‘

And, indeed, in previous genera-
tions the distinction between pure and
applied science was less pronounced
than it is today. The three great-
est pure mathematicians—Archimedes,
Newton, and Gauss—were also great
applied mathematicians; to these one
can add the three greatest pure mathe-
maticians of the 20th century—Poin-
caré, Hilbert, and von Neumann—
cach of whom was also a great applied
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e in applied and basic physics.
Similarly, the distinction between thco-
retical and experimental science was
much less sharp two generations ago
than it is now. Maxwell did experi-
‘ments as well as construct theorics.

But daughter sciences, once they bud
off the stalk of the parent science,
acquire a separate existence, grow, and
luxuriate. In the process these offspring
generally become purer and narrower.
The parent stalk had closer roots in
the original questions posed by some
urgent need: in chemistry, the need
to extract metals, or to find the elixir
of life; in mechanics, to build more
accurate missiles; in astronomy, to pre-
dict the seasons. But, today, many
pressures compel the daughter science
to become purer, especially when the
science is pursued within the univer-
sity.

To understand how this comes
about, T remind you that every scientist
or, for that matter, any intellectual
creator, in plying his trade, tries to’
choose for himself problems that are
both soluble and important. The im-
portance of a problem is judged, by
the scientist, by the breadth of added
understanding its solution affords. The
discovery of the second law of thermo-
dynamics was important because it or-
ganized so many otherwise disjointed
elements of physics and chemistry. Its
discovery was much more important
than, say, the discovery that light re-
flected at the Brewster angle is com-
pletely polarized, since the latter dis-
covery- affects a much narrower scg-
ment of related science or technology.
The “important” questions often tend
to be posed as much from without as
from within a given narrow field of
inquiry. The solution of . an “im-
portant” problem tends to reinforce the
relation between a scientific discipline
and the disciplines to which it is re-
lated. In this sense, the “important”
questions are broad—they tend to be
extrinsically motivated.

Unfortunately, the “important” ques-
tions are often the most intractable
ones, and therefore most of science
is concerned with “soluble” problems,
not “important” problems. We do not
know how to create a controlled ther-
monuclear plasma; we therefore smucy
aspects of plasmas that are traciable
rather than necessarily relevant in the
hope that our added general knowl-

edge will eventually help us make prog-
PQO;I&QJQZOQ};U' oal of controlled
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fusion. But in the process the scienc
of plasma physics becomes “purer.”
So, in gencral, the strategy of pure
scicnce is always to deal with soluble
problems which, by their nature, tend
to be narrow in impact. The “im-
portant” problems arec skirted until
cnough soluble problems have been
solved to permit a successful attack
on the important problems.

The social structure and purpose of
the university accentuate the pressure
toward purity. For the university’s pur-
pose is not to solve problems that are
set from outside a discipline. The uni-
versity is not mission-oriented. Its pur-
posc is to creatc and cncourage the
intellectual life per se. If a scientific
discipline scts off on an independent
course, scparate from its original ap-
plied parent, it tends, in the university,
toward greater purity and remoteness
simply because there are few counter-
vailing pressures there. In the university
it is improper to ask of the scientist,
“What is the relevance of what you arc
doing to the rest of the world or even
to the rest of science?” The accept-
able question is “What do your sci-
entific peers, who view your work
with the same intellectual prejudices as
you, think of youir work?”

The process leading toward
purity and rcmoteness was
with cxquisite perception by John von
Neumann, though it had been dis-
cussed previcucty by David Hilbert (2).
Speaking of tne development of mathe-
matics, von Neumann put it (3):

areater
described

As a mathematical discipline travels from
its empirical source, or still more, if it
is a sccond and third gencration only in-
dircctly inspired from ‘reality’ it is besct
with very grave dangers. It becomes more
and morc pure acstheticizing, more and
more purely l'art pour 'art. This need not
be bad if the field is surrounded by cor-
related subjects, which still have closer
cmpirical conncctions, or if the discipline
is under the influence of men with excep-
tionally well-developed taste. But there
is a grave danger that the subject will
develop along the line of least resistance,
that the stream so far from its source will
separate into a multitude of insignificant
branches, and that the discipline will be-
come a disorganized mass of details and
complexities. In other words, at a great
distance from its empirical source, or
after much abstract inbreeding, a mathe-
matical subject is in danger of degenera-
tion. At the inception the style is usually
classical: when it shows signs of becoming
baroque, then the danger signal is up.

- whenever this stage is reached, the
only remedy seems to me to be the re-

idcas. I am convinced that this was a
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necessury condition to conserve the fresh-
ness and vitality of the subject and that

this will remain equally true in the future.

Von Neumann’s plea for greater uni-
ty in the mathematical sciences has
been taken up by others, notably Mark
Kac and Richard Courant, who see
grave danger in the trend toward super-
purity, abstractness, and remoteness.
Kac speaks of the professional purist
in mathematics; Courant speaks of the
“isolation that rthreatens every pursuit
of science—certainly very much the
pursuit of mathematics—this isolation
can be very stitling.” The trend toward
isolation that has marked modern
mathematics secems to me to have in-
vaded the empirical sciences, and pos-
sibly even the social sciences, and for
the same reasons. For example, the
nuclear structure physicist today con-
cerns himself with subtler, more deli-
cate questions about nuclear structure
than he did 20 years ago. And just be-
cause the questions are subtler, and
more detailed, they iend to have less
relevance to the fields of science and
technology that surround nuclear struc-
ture physics. The language of the nu-
clear structure physicist becomes more
sophisticated, his techniques more spe-
cialized. His ability to communicate
with his colleagues in surrounding
ficlds becomes impaijred; and, insofar
as what he studies becomes of less
relevance to the fields in which his
own field is embedded, his own field
becomes purer.

The Denial of Scicnce as Codifier

The other major danger T see in the
development of science in the univer-
sity is the tendency to downgrade sci-
ence’s role as codifier of human knowl-
edge. Science traditionally has two
aspects: it is on the one hand a tech-
nique for acquiring new knowledge; it
is on the other hand a means for or-
ganizing and codifying existing knowl-
edge, and therefore a tool for applica-
tion. Both aspects of science are valid.
The discovery of SU, symmetry does
not in the slightest detract from the
importance of the second law of ther-
modynamics. This law, with its enor-
mMous power as an Grganizing principle
for much of existing chenistry, though
discovered more than a century ago,

much ence
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pMisize science as search at the ex-
pense of scicnce as codification, and
for many of the same reasons it drives
science toward fragmentation and puri-
ty. The codified parts of science are
often most useful in the neighboring
sciences, not in the science in which
the codification originally took place.
X-ray crystal analysis sprang up in
physics; most x-ray crystallographers
nowadays work as chemists, metallur-
gists, or even biologists. Thus the uni-
versity’s disciplinarity, its tendency to
deal with pure problems that are in-
trinsically motivated, reduces its con-
cern for science as codification; such
science has already been by-passed by
the researcher in the field.

The pressure to do research rather
than tcach accentuates the denial of
science as codification. Much has been
said about the conflict between re-
scarch and teaching in the university.
As T see it, at least part of the con-
flict amounts to a philosophic judg-
ment as to whether science is the
search for new knowledge or the or-
ganizer of existing knowledge. In em-
phasizing rescarch at the expense of
teaching one is implicitly valuing the
one above the other.

One by-product of this trend is the
waning of the tradition of scientific
scholarship. As our sciences become
more and more fragmented and nar-
rowly specialized, and as their connec-
tion with earlier, more general phases
of science weakens, the relevance of
what came before for the pursuit of
current . research decreases. For ex-
ample, it is possible to carry out re-
search on elementary particles without

-knowing much about nuclear struc-

ture. The taste for knowing the his-
torical origin and development of a
science wanes, partly because such
knowledge is unnecessary for prosecut-
ing current research, partly because
there is too little time and energy left
over after learning what is needed to
do the research at hand.

Implications: For Education

These two tendencies—toward purity
and fragmentation as opposed to ap-
plication and interdisciplinarity, and to-
ward rescarch and away from scholar-
ship—seem to me to portend trouble
in the relation between the university
and societ
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The modern university tends to em-

riculum reforms, especially in the sci-




ences. These reforms started in the high
schools but have now been extended,
particularly in mafpproved
1o the grade schools, and in many in-
stantes upward to the colleges. They
arc relevant to my discussion, because
the reforms have been instigated by
the university, and they certainly re-
flcct the intellectual spirit of the uni-
versity. With certain of the aims of
the curriculum reform. onc can have
no quarrel. The new curricula try hard
to be interesting, and in this T think
they succeed: also, they demand more
effort and present more challenge tha
the old. But, insofar as the new cur-
ricula have been captured by univer-
sity scientists and mathematicians of
narrowly puristic outlook, insofar as
the curricula reflect deplorable frag-
mentation and abstraction, especially of
mathematics, insofar as the curricula
deny scicnce as codification in favor of
science as scarch,
be dangerous. .

The danger T worry about was
brought home to me by a distinguished
physics professor. According to him,
the mathematics department at his uni-
versity no longer teaches the kind of
calculus course which develops power

I consider them 1o

and skill in handling simple . integra-
tion. Such skills arc apparently too
lowbrow, and in any cvent are no

longer needed by one who wishes to
pursue a carcer as a rescarch mathe-
matician. As a result, many physics
students are unable to do the mathe-

matics which still is important for
physics, even i not for mathematics.
This physics professor has therefore

written a book on calculus which pre-
sents the traditional parts of the sub-
ject that have been by-passed by the
professionals. I think this anccdore illus-

trates both what is wrong with, and
what might be done to remedy, the

situation. The professional purists, rep-
resenting the spirit of the fragmented,
rescarch-oricnted university, got hold
of the curriculum reform and. by their
diligence and aggressiveness, created
puristic monsters. But education at the
clementary level of a field is too im-
portant to be left entirely to the pro-
fessionals in that ficld, especially if
the professionals are themsclves too
narrowly  specialized in outlook. In-
stead.  curriculum  reform should be
srongly influenced by disciplines bor-
durln ihe discipline being reformed.
thematics  curriculum  should
receive strong cues from the cmpirical
sciences and from engincering; the
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“fessors writing physics texts,

as well as from the neighboring soi-
ences; and There s

calculus  books, or engineering pro-
as long
as the physics professor knows ecal-
culus or the engineering professor
knows physics. And, indeed, seeds of
the counterrevolution in curriculum
reform seem to be sprouting. In physics
a group at Harvard under Gerald Hol-
on is trving to devise a curriculum
which views physics as a more broadly
culwural activity thin some or the other
curricula do. In mathematics a coun-
terrevolution also seems to be taking
place; for example, a group of 73 lead-
ng American mathematicians stated:
to offer such subjects 1o all
students as could interest only the small
minority of prospective mathematicians
is wasteful and amounts to ignoring
the needs of the scientific community
and of society as a whole™ (4). And
the American Council for Curricular
Evaluation has been organized o main-
tain “the intellectual integrity of our
schools”—that is. tp scrutinize some of
our newer curriculym reforms.

Related 1o the irend toward purity
in curriculum reform is the relatively
poor place of applied science in the
universities. This matter has been em-
phasized by Edward Teller (5. pp.
257-266). He poins out that most of
the money our government spends for
research and development goes for ap-
plied research: yet most of the prestige
and emphasis in the university goes
to basic science. The best scientific
minds go into basic, not applied, sci-
ence: and the social hierarchy of sci-
ence. reflecting the discipline-orienta-
tion of the university as much as it
does the intrinsic logic of the situation,
places pure science above the inter-
disciplinary  applied science. Hans
Bethe, in speaking of the social re-
sponsibility of the scientist, has also
noted this denigration of the applied
sciences in the university. He exhorts
the university scientist to overcome
his prejudice against application and
especially urges him, as part of his so-
cial responsibility, to reaffirm the digni-
ty of applied science (6).

Implications: For Government

What are the iriplicarions of these
trends  for government and society?
ur society incressingly is a product
of the university. As the u: siversity de-
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—it may be nearly as common, even-

(}gt echool diploma s
outiook "and point of view
socicty and of our govern-
ment becomes the outlook and point
of view of the university.

I want to make perfectly clear that
on balance 1 believe this to be enor-
mously good. The university is rational,
and its outlook is basically tolerant and
knowledgeable. For example, T believe
our whole enlightenment in race rela-
tions would be unthinkable if anthro-
pological and psychological doctrines,
developed largely in the university, had
not penetrated society as a whole. One
must never forget that the Supreme
Court, in justifying its 1954 decision
on school desegregation, invoked a psy-
chological doctrine (psychic damage to
the segregated child) that catches the
spirit of and was certainly nurtured
by the university.

But my purpose is to point out the
dangers to governmeént, to society, and
to the university that lie in the lat-
ter's narrow disciplinarity. Thus uni-
versity's picture of science as research
and denial of science as codification
or as a tool deadens its taste for ac-
tion. Let me illustrate with the views
of Growth of World .Population, re-
leased by the WNational Academy of
Sciences in 1963, to which T sub-
scribed at the time (7). The report
concluded that the overall task was to
achieve “universal acceptance of the
desirability of planning and controlling
family size.” The report then made
four major recommendations, which I
paraphrase:

1) Support graduate and postdoctor-
al training in demography.

2) Expand research laboratories for
scientific investigation of human repro-
duction.

3) Cooperate in international stud-
ies of voluntary fertility regulation.

4) Train more administrators of
family planning.

With none of these recommendations
can anyone concerned with the popu-
lation problem take issue. Of course
we need more research and more stud-
ies, as well as more administrators. But
such recommendations are, it now
seems to me, tangential to the main
issue. They substitute research about
the problem of family planning for
action on the problem. Complicated so-
ciat problems such as control of tamily
planning must be attacked with the in-
formation at hand even as we learn
more about them. And, indeed, the

our
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McElroy, who chaircd Approved o
issucd the report, said recently: “Al-
though .1 "am still in full agreement
with these recommendations, I think
the time has come when we must
move ahcad even without the addi-
tionul biological knowledge” (8.

Nor is this instance an isolated one
Panels that advise government, especial-
ly on matters having scientific impii-
cations (and what affair of government
these days does not?), are usually domi-
nated by university people, especially
thosc active in rescarch. What is more
natural than to recommend more re-
scarch as a kind of magical talisman
that will solve profound and complex
social problems? I was therefore much
impressed with the contrast: between
the recent study on heart. cancer. and
stroke, which proposed specific con-
crete action on the basis of the knowl-
cdge at hand, and the many other
studies, such as the NAS study on popu-
lation, which display an inclination to
study rather than to do

Even the choice of what things our
government decides to spend its re-
scarch funds on is now deeply in-
fluenced by the purictie university, In
carlier, and simpler, rimes the govern-
ment’s attitude toward science was un-
sophisticated and inexpensive.  First,
the nonscientific goals of the socicty
were ascertained by ihe political proc-
essi these goals by and tran-
scended the goals of the university.
Thus, we had long since decided that
national defense was a necessary goa
or good public hezlth: or better navi-

targe

gation; or adequate physical =nd chemi- .

cal standards. We then decided to sup-
port the science that scientists belicved
would help achieve these goals. How
much we spent on the relevant science
was determined by how important we
regarded the goals themselves to be,
and this was a political decision. It is
true that in recent years we have be-
come very relaxed over how relevant
4 science need be to warrant sup-
port: ncvertheless. the mission-oriented
agencies support basic science per sc
largely as a justified overhead expense
charged against achievement of the
overall mission. Just as a good applied
laboratory does a fair amount of re-
lated basic science, so an enlightened
government agency supports a large
amount of related basic rescarch. But
the ultimate justification of this basic
rescarch, as far as society at t large is
concerned,  was  the achxcv«.n ent of

g S science  tends _to ome s
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one finds that an eventual tangible
and palpable payv-off of science was
strongly in the minds of those who
conceived the NSF.

The current active debate on sci-
entific priorities bespeaks a change in
our viewpoint. Whereus in previous
times government support of science
was justified by its coniribution to the
achievement of some nanscientific end,
we seem now to have accepted the
view that science desecrves large sup-
port solely for its own sake: with this
development no scientist can quarrel,
However, to0 my mind, the same pro-
fessionally puristic viewpoint that has
captured the elemcntary nathematics

curriculum seems to be prevailing in - -

the present debuate on scientific priority.
The debate at the moment centers
on the support given high-energy phys-
ics relative to that given other fields
of science. Now, high-cnergy physics
is at once the most elegant and. in a
sense, the most fascinating branch of
physics. The new unitary symmetries
are beautiful to behold and astonish-
ingly unexpected. The high-energy
phiysicists themselves are brilliant and
dedicated. Because the ficld is rich and
exciting in itself it certainly deserves
support. T cannot, however, under-
stand the argument that high-energy
physics commands an wigency of sup-
port simply because, as Robert Op-
penheimer puts it, it is “the convic-
tion of those who are in it that, with-
out further penetration into the realm
of the very small, the agony may this
time not end in a triumph of human
reason” (9). The agony Oppenheimer
refers to is surely not shared by ail
of society, nor even by all scientists.
The question is why the intellectual
agony of this generation of physicists
needs to be relieved as quicklv as pos-
sible rather than being resolved. at a
slower place, by succeeding generations.

To me urgent support of a field is
justified only if that field is likely in
some way to solve a pressing human
need. The biomedical sciences merit
urgent support because out of them
come means of alieviating some of
man’s most primitive suffering—itlness
and premature death. The social sci-
ences would merit urgent support inso-
far as they are aimed at helping solve
man’s social problems: unfortunately,
in my opinion, they do not at this
time seem ripe for great expansion. By
contrast, high-energy offers

human need.
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cmergence of high-cnergy phys-
ics  among our country's  highest-
priority basic scientific enterprises is a

- manifestation both of the university's

deification of purity in science and of
its influence on what our society does.
High-energy physics is the purest
branch of physics. In the university
community it towers above most sci-
ences in prestige and in the caliber of
the students it attracts. That it should
be placed so high on our society’s list
of things to be done attests at once to
the pervasiveness of the university’s in-
fluence on the society and to the way
in which fragmentation and concern
for disciplinary purity of the univer-
sity, when imposed on the “mission-
oriented” society, diverts the society
from its real goals. Our society is not
a university; the goals of our society
are not the same as the goals of the
fragmented and discipline-oriented uni-
versity. For the university to persuade
the society that at this stage in history
the university’s own intellectual goals
and aspirations—remote, pure, and
fragmented—deserve the highest place
among the goals of the society is hardly
tenable,

Recapitulation:

The Imbeddedness of Values

My remarks have been a fugue on
a single theme. T began by pointing
out that the university and socicty
are incongruent in that the university
is discipline-oriented and fragmented,
the sociefy, mission-oriented and
whole. T tried to show how the ecology
of the discipline-oriented university en-
courages the rise of purism and spe-
cialization and the denial of scholar-
ship and application in science. I then
argued that these trends in the uni-
versities are affecting our elementary
curricula; are giving us poorer people
to get on with the applied work of
the day; are substituting research for
action; and are tending to impose the
scientific values of the fragmented uni-
versity upon society.

In every one of these trends 1 dis-
cern the same underlying issue: a fail-
ure to realize that no judgment of the
relative value of a universe can be
made from the narrow base of that
universe. Values are established from
without a universe of discourse; means
are established from within. Thus. our

more frag-

cause its practitioners, harried as they




are by the sohpprovedE
versity coarmunity, have le Time or
inclination o view what they do from
a universe other than their own. They
impose upor. the elementary curricula
their narrowly disciplinary point of
view, which places greater value on
the frentiers of a field than on it
tradition, and they try to put across
‘nat seems  important to them. not
what is important when viewed in a
perspective. The  practitioners
have no tasre for application or even
for interdisciplinarity since this takes
them away from their own universe;
and they naturally and honestly try
o imposc their style and their stan-
dards of value upon society, as when
they insist on rescarch instead of ac-
tion, or when they claim urgency for
matters whose urgzency—that is.
portance—is largely self-gencrared.
For the universities, and for the
members of the universities, T have
some recommendations though 1 put
them forward diffidently. The univer-
sity must accord the specialist of broaw
outlook the status and prestige it now
confers solely upon the specialist of
tarrow outlook. Granted that speciali-
zaion s “blessed” in the sense that
oaly the specialist knows what he is
wudking about: yet, if only the specialist
knows what he is talking about, only
the generalist knows why he should
talk at all.
Can the university combine the point
ol view of the specialist with that of
tie generalist? Can it acquire some of
the  mission-orientation of the large
laborarory, vyet retain irs discipline-
orientation intact? Can it truly be-
come interdisciplinary and whole, and
thus become congruent with society?
Several  possibilities suggest them-
selves, though T do not pretend that
these  possibilities are panaccas. The
university could convert itself into the
National Laboratory. This is surely go-
ing too far, cven though mission-
oricnted institutes are springing up on
university campuses, largely 1 believe
in response to the contradictions that
I have outlined. The university cer-
tainly should not give up the freedom
and the individual autonomy of the
professor——the freedom and autonomy
he cuaset enjoy when he enters the
mission-oricnted institute. Thus, much
as T approve of the mission-oriented
instirute, I value the professor’s stub-
-born freedom even more, and so I
would hate
the Nati
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arth Moany of
shortcomings I find in the university
are intrinsic characteristics of 12 uni-
versity and are hardly susceptible to
change. The university loses something
unique and precious when it submerges
the professor’s independence to achieve
& common scientific mission conceived
by administrators. But this means, sim-
ply, that some things are not properly
done at the university. For example,
the “important” problems even in pure
science that transcend in difficulty the
capacity and style of the university,
like studies of genetics involving 200.-
060 mice, or modern plasma physics,
must be done outside the university.
Moreover, the basic research that goes
to support such activities is properly
the business of institutions having such
responsibilitics. Thus my plea amounts
to reasserting the validity of the Na-
tional Laboratory, with its shortcom-
ings that I know so well. as a home
for certain kinds of basic and applied
research, even as I emphasize the place
of the university, with its shortcom-
ings, in the scientific society. The view
that federal support of basic research
is the university’s inalienable right and
that if competition with the mission-
oriented institutions arises then the
university's is the prior claim (as im-
plied in the recent Wooldridge report
on NIH, 70) 1o my mind ignores the
shortcomings of the university in ba-
sic rescarch. There is an appropriate
analogy here between the two kinds of
institutions: the university and the mis-
sion-oriented laboratory. Basic re-
search is supported in the mission-
oriented laboratory to help the labora-
tory accomplish its mission. As Harvey
Brooks suggested (5, pp. 77-110), it
ought to be looked upon as a reward
for achievement of the laboratory’s
mission, especially since the basic re-
searcher is thereby given a stake in
achievement of the laboratory’s mis-
sion. Similarly. a case can be made for
giving the university, as an institution,
support for basic research as a reward
for excellence in teaching, since one
thereby gives the research professor a
stake in the university’s mission.

For in a sense the university, no
less than the laboratory, is already
mission-oriented if only it will accept
and recognize s travitional mission—
education of the young. And just as
the mission orientation of the National
Laboratory adds point and wholeness

education ought to give wholeness to
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the university. Education at the under-
graduate level should properly be less
professionalized and puristic than it is
at the highest levels. Just as ontogeny
recapitulates phylogeny, so elementary
education properly should recapitulate
the historic path of a discipline: its
connections with other disciplines and
with practical purposes. its origin, its
scholarship—in short, its place in the
scheme of things. If the university
takes undergraduate education serious-
ly, and does not look upon it simply
as attenuated  professional education,
the university community will be
forced to broaden its outlook. The uni-
versity professor would, by enforced
contacts with young people whose
backgrounds are diverse, surely be
obliged to relate his narrow profes-
sional interest to the rest of the world.
And in the process, as he becomes part
of the interdisciplinary real world, the
teacher ought once more to become a
citizen.
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1.
Planning Group I would recommend this recent
2. article from Science to all

members of the Planning Group
: even though it is rather

3. lengthy. Dr, Weinberg has

expressed the concept of mis-

sion oriented research and

4, the role of R&D in support

of social needs better than

anyone I know, I also be-

5. lieve his remarks on basic

research and the trend toward

purity without codification

6. should be a warning to intel-

ligence as well as science. I

would particularly like to

7. call your attention to the

second paragraph on p, 606,

For those who are interested,

8. Weinberg also wrote an equall

: stimulating article on Big

Science in an earlier journal,

10.
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13.

14,
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